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Abstract 

 

A capstone engineering design and construction course, required for graduation at the 

United States Air Force Academy, has often involved community service projects.  One 

such project was the design and construction by students of a collapsible electric 

cart/wheelchair ramp for a handicapped woman who liked to travel on the airlines.  The 

design constraints required cadets to perform extensive research and development to 

produce an efficient design using lightweight materials.  Some of the constraints included 

a maximum weight of 70 pounds and a minimum extended length of 11 feet.  The ramp 

had to fold up into a single unit that qualifies as checked baggage on the airlines.  The 

motivational value of a public service project for a handicapped person was a major 

factor in developing a positive mental attitude by a team of non-science and engineering 

majors.  The program required the student team to meet all of the Department of Defense 

milestones, including Alternative System Review (ASR), Proposal Submission, 

Preliminary Design Review (PDR), Critical Design Review (CDR), and Product 

Acceptance Demonstration (PAD).  This paper discusses the challenges and benefits of 

such community service projects for satisfying the requirements of a capstone design 

course for non-science and engineering majors. 

 

I.  Introduction 

 

Community service projects performed by educational institutions have several 

advantages.  A very worthwhile public service is rendered.  The students are made more 

aware of people in need.  The students feel they have done something worthwhile.  The 

person or persons helped feel better about society’s caring for people in need.  Such a 

project increases the interaction of the educational institution with the “real world”.  The 

students apply their textbook learning to real-world problems and realize that solving real 

problems is not as easy as punching numbers into a calculator.  This paper discusses the P
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challenges and benefits of community service projects for satisfying the requirements of a 

capstone design course for non-science and engineering majors. 

 

II.  The Electric Cart/Wheelchair Project 

 

A capstone engineering design and construction course, required for graduation at the 

United States Air Force Academy, has often involved community service projects.  

Engineering Systems Design was the course title.  One such project was the design and 

fabrication by students of a collapsible electric cart/wheelchair ramp for a handicapped 

woman who liked to travel on the airlines.  See Figure 1.  Her goal was to be able to take  

 

 

             
 

    Figure 1.  Lady on Electric Cart                  Figure 2.  The Ramp 
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this ramp with her on the airplane as checked baggage.  When she arrived at her 

destination she would rent a pickup and use the ramp to drive her electric cart up into the 

pickup.  Although there are many ramp designs for driving carts into vehicles, the 

challenge for this project was to make the ramp acceptable as checked baggage on an 

airline.  The design constraints of this ramp required cadets to perform extensive research 

and development to produce an efficient design using lightweight materials.  Some of the 

constraints included a maximum weight of 70 pounds and a minimum extended length of 

11 feet.  The ramp had to fold up into a single unit that qualified as checked baggage on 

the airlines.  The motivational value of a public service project for a handicapped person 

was a major factor in developing a positive mental attitude. 

 

III.  The Statement of Work (SOW) 

 

The Statement of Work (SOW) is the bible of the project.  It is the reason for doing the 

work.  It outlines the mission.  The purpose of the SOW is to define the tasks to be 

accomplished by the contractor during the contract period[1].  The SOW is where all of 

the specifications of the deliverable are spelled out, as well as the timetable the program 

must satisfy.  In this class the contractor was a “company” formed by the cadets in the 

class.  The duration of the contract was the semester of the course.  The complete SOW is 

in Appendix A.  The SOW for this class was made as close to the actual situation in 

government contracting as possible. 

 

IV.  Design Challenges 

 

The primary design problems were weight and size.  Size was driven down by the airlines 

and up by the fact that the electric cart had cutoff switches just behind the rear wheels 

that were very close to the ground to prevent the electric cart from doing a “wheelie”.  

This meant that if the cart started up a very steep angle, the cutoff switches cut off the 

power to the cart.  Therefore, the angle of the ramp had to be shallow (less than 15 

degrees), which required a longer ramp to reach into the back of a pickup truck.  Since 

the ramp was 11 feet long, the airlines also required that the ramp must fold to a shorter 

length.  This requirement dictated a hinged system, because breaking the ramp into 

individual pieces would require more checked baggage and more likelihood of lost parts.  

All of these considerations drove up the weight of the ramp, but the airlines limits 

checked baggage to 70 pounds.  This dictated lightweight construction.  Obviously safety 

dictated strong construction.  Because the program was to be completed on a minimum 

budget, exotic lightweight materials were not an option.  All of these factors made this a 

valuable project because it had so many similarities to aircraft design and fabrication. 

 

V.  The Program Structure 

 

The program required the student team to meet all of the Department of Defense 

milestones, including Alternative System Review (ASR), Proposal Submission, 

Preliminary Design Review (PDR), Critical Design Review (CDR), and Product 

Acceptance Demonstration (PAD).  The instructor was the government program 

manager.  The cadets in the class were treated as a contractor performing work on a P
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government contract.  A Senior Reviewing Official (SRO) was an experienced senior 

individual from outside of the department who served as a senior independent reviewer of 

the contract[1,2]. 

 

The Alternative System Review was an informal briefing.  The purpose of the briefing 

was to provide a forum, before the proposal, to present and evaluate the cadet 

contractor’s approach to the technical design problem.  Upon successful completion of 

this briefing, the cadet contractor was allowed to proceed with the proposal preparation. 

 

The purpose of the proposal was to define the cadet contractor’s overall approach to the 

technical, management and cost aspects of the project.  The proposal had to be a 

complete description of how the cadet contractor would fulfill the requirement of the 

Statement of Work (SOW).  It represented a commitment by the cadet contractor for the 

work to be accomplished over the course of the semester.  The proposal was a general 

description of how a given design would be developed through studies, analysis, 

fabrication, and testing.  There were penalties or bonuses in the grading for being late or 

early on meeting the milestones in the project.  Before the cadet contractor could perform 

the Preliminary Design Review (PDR), they had to submit an Engineering Analysis 

Package (EAP) describing the analysis performed by the cadet contractor to ensure the 

project would work and meet the project requirements.  The EAP was to show the design 

works “on paper” and thus maximize the probability of success.    

 

The Preliminary Design Review (PDR) was a formal briefing with the objective of 

gaining permission to proceed with the fabrication and test of subsystems.  The PDR 

gave the instructor and Senior Reviewing Officer an opportunity to evaluate the cadet 

contractor’s research.  The cadets were not allowed to acquire materials or begin 

fabrication until all action items were closed from the PDR.  This review forced the 

cadets to have a detailed and well thought out design before committing funds and effort 

to fabrication and testing of subsystems.  The introduction of the importance of cost was 

a shock to cadets who were used to using the textbook solution.  This restraint was a very 

maturing process for many of the cadets and introduced them to the importance of 

maintaining good relationships with the management side of the program.  It also 

introduced them to the complexity of a program and the tremendous responsibilities and 

pressures on a program manager.  They thus came to appreciate the problem of producing 

a successful program under budget and on time. 

 

The Critical Design Review (CDR) was a formal briefing to the instructor and the SRO, 

with most of the approving authority resting with the SRO.  The objective of the CDR 

was to gain permission to proceed with the integration of all subsystems and the 

performance of operational/field testing of the total system.  This requirement amounted 

to an oral examination of the project.  Just as you really learn a subject when you are 

required to teach it, being subjected to questions by the instructor and SRO throughout 

the student’s briefing, stimulated increased understanding of the subject by the cadets.   

 

The Prototype Acceptance Demonstration  (PAD) demonstrated and verified the actual 

performance of the ramp.  This was performed by taking the ramp to the home of the P
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handicapped individual and driving her electric cart into the back of their family pickup 

truck.  This was the high point of the project for the cadets and the instructor.  The family 

was very appreciative of the convenience and increased mobility the ramp allowed their 

mother/wife, and brought home to the cadets the true value of community projects. 

 

At the end of the semester, a formal final briefing given to the instructor and SRO served 

as the final report by a government contractor.[1,2] 

 

VI.   The Ramp 

 

Although the original SOW required the ramp to weigh 30 pounds or less, this was soon 

modified to the 70-pound limit of checked baggage on an airline.  The cadets soon 

realized that the only way they could meet the 30-pound requirement was to use very 

expensive lightweight high-strength materials, such as graphite epoxy.  These very 

expensive materials far exceeded the budget.  Aluminum alloys were the only practical 

materials solution.  Because of the previously discussed cutoff safety switches behind the 

rear wheels, the ramp had to be longer than originally planned.  The cadets responded 

very well to the additional challenges as they appeared.  They demonstrated great 

patience and ingenuity in developing a strong light-weight design that met all of the 

requirements of the SOW.  Perforated materials were used everywhere possible, without 

sacrificing safety.  See Figure 2.  Because the weight was now heavier, the design needed 

a built-in handle and wheels so the folded package could be pulled along like a large 

suitcase.  Except for welding, all of the activities required to take this project from 

conception to delivering a finished product, were performed by cadets.  To make sure the 

ramp did not slide off of the pickup truck bed while the cart was driving up the ramp, 

“paws” or pads where attached to the top of the ramp to grip the truck bed.  Nylon straps 

to fasten the ramp to the truck bed were also used.  See Figures 3 and 4.  The problem of 

a rigid extension at the hinge was solved by beefing up the main supports of the bridge in 

the hinge area and using a pin which was welded to a cable, which in turn was welded to 

the ramp frame so it would not be lost.   

 

 

 
 

Figure 3.  The Ramp with the “Paws” of the Pads Lying Flat on the Truck Bed. 

  The Nylon Straps are to be Fastened in the Forward Stake  

             Pockets or Side Rails in the Truck 

 

P
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Figure 4.  A Detailed View of               Figure 5.  Cadet Sanding and Shaping Parts  

the “Paws” or Pads that                                         of the Ramp. 

Help Connect the Upper End  

of the Ramp to the Truck Bed. 

 

 

 
 

Figure 6.  More Hand Work Making Parts for the Ramp 
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VII.   Cadet Response and Conclusions 

 

The cadet response to this community project was very positive.  The results of the 

course critiques by the team in this class are presented in detail in Appendix B.  This 

team of 18 cadets rated all aspects of the class higher than the average for all of the other 

25 teams in this capstone engineering course.  What is more interesting is that this team 

rated most categories higher than the average of all courses at the Air Force Academy.  

The value of doing worthwhile community projects in academic courses cannot be 

overemphasized.  It does make a difference to be doing something that makes a 

difference. 
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APPENDIX A 

STATEMENT OF WORK 

(SOW) 
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APPENDIX B 

KEY AND RESULTS OF THE 

STUDENT COURSE CRITIQUES FOR 

ENGINEERING 410 

ENGINEERING SYSTEMS DESIGN 
 

 

KEY TO QUESTIONS ASKED ON THE CRITIQUE 

 

I.    SECTION FOR DIAGNOSTIC FEEDBACK TO THE INSTRUCTOR 
 

1. INSTRUCTOR ABILITY TO STIMULATE MY INTEREST WAS? 

2. QUANLITY AND TIMELINESS OF FEEDBACK ON GRADED WORK WAS? 

3.  INSTRUCTOR’S ABILITY TO PROVIDE CLEAR, WELL ORGANIZED INSTRUCTION WAS? 

4. INSTRUCTOR’S ABILITY TO PRESENT ALTERNATIVE EXPLAINATION WHEN NEEDED ? 

5. INSTRUCTOR’S USE OF EXAMPLES AND ILLUSTRATIONS WAS? 

6. VALUE OF QUESTIONS AND PROBLEMS RAISED BY INSTRUCTOR WAS? 

7. INSTRUCTOR’ KNOWLEDG OF THE COURSE MATERIAL WAS? 

8. AS A MILITARY ROLE MODEL OR CIVILIAN PROFESSIONAL ROLE MODEL, 

 MY INSTRUCTOR WAS? 

9. ENCOURAGEMENT GIVEN STUDENTS TO EXPRESS THEMSELVES AND PARTICIPATE 

       WAS? 

10. INSTRUCTOR’S CONCERN FOR MY LEARNING WAS? 

11. AVAILABILITY OF EXTRA HELP WHEN NEEDED WAS? 

12.  INSTRUCTOR’S ENTHUSIASM WAS? 

 

II.   INFORMATION ABOUT THE CLASS 
 

13. COURSE ORGANIZATION WAS? 

14. CLARITY OF COURSE OBJECTIVES AND REQUIREMENS WAS? 

15. THE DEGREE TO WHICH THE COURSE MET ITS STATED OBJECTIVE WAS? 

16. INTELLECTUAL CHALLENGE AND ENCOURAGEMENT OF INDEPENDENT THOUGHT 

     WAS? 

17. REASONABLENESS (DIFFICULTY AND AMOUNT) OF ASSIGNED WORK WAS? 

18. EVALUATIVE AND GRADING TECHNIQUES (TESTS, PAPERS, PROJECTS, ETC.) WERE? 

19. QUALITY AND USEFULNESS OF COURSE TEST(s) WERE? 

 

III.   GENERAL EVALUATION 
 

20. THE COURSE AS A WHOLE WAS? 

21 RELEVANCE AND USEFULNESS OF COURSE CONTENT WERE? 

22. AMOUNT YOU LEARNED IN THE CLASS WAS? 

23.THE INSTRUCTOR’S EFFECTIVENESS IN FACILITATING MY LEARNING IN  

THE COURSE WAS?  

 

 

 

 

 

 

P
age 9.16.13



“Proceedings of the 2004 American Society for Engineering 

 Education Annual Conference & Exposition 

 Copyright À2004, American Society for Engineering Education” 

 

 

 

 

RESULTS OF STUDENT COURSE CRITIQUES 

FOR ENGINEERING 410 

ENGINEERING SYSTEMS DESIGN 
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